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ABSTRACT
The levels of incorporation of -^C-amino acids were 
assessed in erythrocytes from calves infected with 
Anaplasma marginale, normal calves, and calves made 
anemic with phenylhydrazine hydrochloride. 1-^C-glycine# 
•^C-isoleucine (U) , and 1-1^c-methionine were incorporated 
more rapidly in erythrocytes from infected animals. Red 
cells from calves made anemic with phenylhydrazine showed 
somewhat lower levels of incorporation than the erythro­
cytes from infected calves, but a significant increase 
over normal erythrocytes.
In determining the level of amino acids that were 
incorporated into protein, trichloroacetic acid (TCA) 
fractionation of incubated erythrocytes was employed. 
Radioactivity of samples from TCA-soluble and insoluble 
fractions were assayed by liquid scintillation counting. 
TCA-insoluble fractions from erythrocytes of infected 
calves had higher levels of radioactivity than the cells 
from normal calves or calves subjected to phenylhydrazine. 
The radioactivity of the TCA-soluble fractions demonstrated 
an increased concentration of l^C-labeled amino acids in 
the intracellular amino acid pool of erythrocytes from 
calves made anemic with phenylhydrazine when compared to
x
both cells from normal calves and cells from infected 
animals. TCA-soluble fractions of cells from infected 
animals showed little or no increase of radioactivity 
than normal cell fractions.
In addition, 5 other uniformly-labeled amino acids 
were used to study uptake in the erythrocytes from infected 
and normal animals. The TCA-soluble fraction of normal red 
cells showed increased levels of incorporation of ^C-amino 
acids as compared to cells from, infected animals in the 
case of phenylalanine, alanine, arginine, and aspartic 
acid, but not glutamic acid. Protein synthesis, reflected 
by the amount of radioactivity found in the TCA-insoluble 
fractiop, was greater in each case in the infected erythro­
cyte as compared to the normal.
Partially-purified preparations of marginal bodies 
were incubated with ^C-amino acids in order to detect 
incorporation by A. marginale. Results indicated partially- 
purified A. marginale incorporated more -^C-labeled amino 
acids than did normal membrane fragments.
Experiments were conducted with incubation mixtures 
containing infected red cells and 4,5-3H-isoleucine (n) 
and normal red cells and ^ C - i s o l e u c i n e  (uj b Cells were 
incubated, pooled, and assayed for radioactivity. Increased 
levels of incorporation of 3H in comparison to 14c occurred 
in both whole cells and TCA-soluble and insoluble fractions.
Plasma and erythrocytic amino acid concentrations 
were assayed in deproteinized blood samples taken from 
normal and infected calves and calves made anemic with 
phenylhydrazine. Levels of 14 of the 15 amino acids 
assayed in the plasma from infected calves were higher 
than in the plasma of the normal and phenylhydrazine- 
treated calves. However, amino acid levels of erythro­
cytes from infected animals were significantly less than 




Anaplasmosis is an infectious disease of cattle and 
other ruminants which is caused by Anaplasma marginale, 
an intraerythrocytic parasite. The causative agent 
appears as a small circular body, when properly stained, 
in the periphery of the infected erythrocyte near the 
limiting membrane. The genus designation indicates that 
the organism is devoid of cytoplasm, while the species 
term refers to its location within the erythrocyte.
The losses to the cattle industry in the United States 
due to anaplasmosis have been estimated by Oglesby (1962) 
to be approximately $35 million annually. Recently, esti­
mated losses have climbed to $100 million per year 
(Wilkerson, 1972).
Little is known or understood about the metabolic 
properties of the organism or the infected erythrocyte.
One report on the amino acid metabolism of A. marginale 
was made by Mason and Ristic (1966) who studied the rate 
of incorporation of 2--^C-glycine by erythrocytes from 
infected calves. Their work indicated that increased 
protein synthesis occurred in erythrocytes from infected 
animals.
The work presented in this dissertation is concerned 
with the characterization of the amino acid metabolism of
1
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A. marginale. Experiments were designed to detect dif­
ferences among erythrocytes from normal calves, from 
infected calves, and from calves made anemic with phenyl­
hydrazine, in relation to amino acid uptake, protein 




Anaplasmosis in cattle was first observed by 
Smith and Kilbome (1893) who thought the coccus-like 
bodies in the periphery of erythrocytes were a stage in 
the life cycle of Piroplasma bigeminum. Dschunkowsky and 
Luhs (1904) observed marginal bodies in the erythrocytes 
of transCaucasian cattle which were suffering from piro- 
plasmosis and considered the inclusions to be a form of 
P. annulatum, the causative agent of tropical piroplas- 
mosis. Theiler (1910) concluded that the marginal bodies 
observed in the erythrocytes of infected cattle represented 
a new genus of protozoan— the Anaplasma. Since the work 
of Theiler, anaplasmosis has been reported in most tropical 
and subtropical areas throughout the world and in many of 
the temperate zones.
Anaplasma marginale has been known to be the causative 
agent of anaplasmosis for over sixty years, but there has 
been much disagreement on the classification of the 
organism. There are some who believe, as Theiler, that 
the organism is a protozoan parasite (Espana ejt al., 1959). 
The size of A. marginale places it in a position between 
the smallest bacteria and the viruses. Bergey 's Manual
3
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of Determinative Bacteriology (Breed et al̂ . , 1957) 
classifies A. marginale in the order, Rickettsiales and 
the family Anaplasmataceae.
There is a direct relationship between severity of 
the disease and age (Jones and Norman, 1962; Jones et al., 
1968) . All breeds and ages of cattle are susceptible to 
anaplasmosis, but younger animals are generally more 
resistant to infection and develop a milder form of the 
disease. The disease may be transmitted from infected to 
susceptible animals by arthropod vectors. Various species 
of ticks, horseflies and mosquitoes have been implicated 
in the transmission of the disease (Dikmans, 1950; Henning, 
1949; Sanborn et al.( 1941).
There have been many attempts to find an effective 
method pf treatment or cure for anaplasmosis. Blood trans­
fusions administered during the anemic phase of the disease 
are beneficial, but only as a therapeutic measure. Atten­
tion has been focused on drugs in an effort to cure or 
prevent the disease, but of the numerous drugs employed, 
tetracycline compounds have been the only ones found to be 
effective (Pearson et ad., 1957; Franklin et al^., 1965) . 
These authors speculated that these compounds have an 
effect on the rate of multiplication of the causative 
agent.
B. Physical and biochemical nature
Many studies have been made on the physical and 
biochemical nature of A. marginale. It was observed that
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irradiation doses of 75,000 R or less did not destroy 
the disease-producing capacity of the organism, but doses 
of 100,000 R and higher prevented the development of the 
disease (Simpson et al^, 1967; Wallace and Dimopoullos, 
1965a; and Gough and Dimopoullos, 1965).
Penha (1930) demonstrated the presence of DNA in 
Anaplasma bodies. DNA, RNA, protein and organic iron 
were found to be present by histochemical stains of blood 
smears from infected calves (Moulton and Christensen,
1955) . Ellender (1967) studied the base composition of 
DNA isolated from A. marginale, and Senitzer et al. (1972) 
determined that the DNA was a double-stranded molecule. 
Recent studies showed that A. marginale contains phospho­
lipids and sterols (Rogers and Dimopoullos, (1965), ATPase, 
catalase, and lactate dehydrogenase activity (Wallace and 
Dimopoullos, 1965b; Garon and Dimopoullos, 1967; Darre’ 
et al., 1967) .
Alterations in the phospholipid content of red blood 
cells during various anemias have been observed (Erickson 
et al., 1937; Williams et al,, 1937). Other studies have
shown greatly decreased concentrations of phospholipids in
*
erythrocytes during anaplasmosis (Dimopoullos and Bedell, 
1960; 1965; Schrader and Dimopoullos, 1963) . An increase 
in electrophoretic mobility of erythrocytes from infected 
calves was demonstrated by Dommert and Dimopoullos (1966) 
which indicated a change in charge on the surface of the 
erythrocyte during infection.
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II. Amino Acid Metabolism 
A. Amino acid uptake
Mason and Ristic (1966) undertook a study to 
determine whether or not the synthesis of protein in 
bovine erythrocytes was enhanced following infection with
A. marginale. Increased in vitro uptake of 2-^C-glycine 
occurred in erythrocytes from infected calves. Increased 
levels of radioactivity were detected in samples of in­
fected erythrocytes, TCA precipitates of erythrocytes, 
stromata and stromal protein. Stromal protein from in­
fected erythrocytes contained 20 to 30 times more 2-^C- 
glycine than preinfection controls. The usefulness of 
this system in further studies of the nutritional require­
ments and metabolic behavior of A. marginale appears 
possible. The limited metabolic activity of the normal 
bovine erythrocyte serves as a proper control in the 
study of metabolic capabilities of A. marginale in its 
intraerythrocytic environment.
Cox (1971) found a 30-fold increase in uptake of 
l-l^c-methionine in infected erythrocytes as compared to 
the normal.
Many studies pertaining to amino acid metabolism 
have been carried out with other types of anemias and 
other diseases. Amino acid transport and incorporation in 
red cells of normal rhesus monkeys and monkeys infected 
with Plasmodium knowlesi have been studied by McCormick 
(1970) . It was noted that incorporation of ^C-amino
7
acids into protein was generally much greater in parasi­
tized blood. -Isoleucine incorporation was 150 times
greater in infected blood than in normal blood. The 
incorporation of methionine, leucine, histidine, and 
cystine were 30, 16, 16, and 4 times, respectively, 
greater than for normal cells.
Polet and Conrad (1968) studied the development of 
P. knowlesi in an incubation medium which supported normal 
development of the parasite. Development of the organism 
was inhibited when isoleucine and methionine were omitted 
from the medium. During one schizogonic cycle, an exo- 
erythrocytic source of cystine, tyrosine, arginine, 
glutamine, histidine, and lysine was also required for 
optimal in vitro development of P. knowlesi. Ring forms 
of trophozoites failed to ̂ develop when isoleucine was 
omitted from the incubation mixture indicating that this 
amino acid is essential for growth. Growth of P. knowlesi 
was reduced to 54 percent when methionine was omitted 
from the medium. Growth was measured in each case by the 
development of immature schizonts and segmenters from the 
ring forms of trophozoites during 20 hr periods of 
incubation.
Sherman et al. (1967) studied uptake of labeled 
amino acids by normal erythrocytes and erythrocytes from 
ducks infected with P. lophurae. The uptake of aspartic 
acid, glutamic acid, lysine, arginine, taurine, histidine, 
methionine, glycine, valine and leucine was found to be
8
similar in normal and infected erythrocytes. Infected 
erythrocytes were found to accumulate less alanine, serine 
and threonine than normal erythrocytes, whereas the oppo­
site was found for proline. Purified P. lophurae prepara­
tions accumulated only glutamic acid, lysine and arginine. 
All other amino acids were thought to enter by diffusion 
since they may enter and exit the cell by a similar 
mechanism. However, accumulated amino acids were thought 
to be retained by the parasite and were present in high 
concentrations.
Bjomesjo (1965) investigated the uptake of radio­
active amino acids by erythrocytes from healthy human 
males and females. Glycine, tryptophan, phenylalanine 
and lysine were taken up by erythrocytes, but significant 
differences were not found between males and females. 
Additional studies were made by Bjomesjo ej: al. (196 8) 
concerning uptake of ^4C-glycine and ^C-alanine in normal 
humans and patients with cancer I (localized malignant 
tumor), cancer II (generalized malignant tumor), active 
inflammation, hepatitis epidemica and hyperthyreosis.
The erythrocytes from each of the cases mentioned were 
incubated in buffer with -̂4C-labeled amino acids. It 
was found that erythrocyte/buffer distribution ratios of
14C-glycine were significantly increased in malignancy, 
active inflammation and hyperthyreosis after 3 hr of
incubation. No correlation could be made between the
disease and the incorporation of ^4C-alanine.
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B. Effects of antibiotics on protein synthesis 
Schnell and Siddiqui (1972) studied the effects of
antibiotics upon incorporation of ^C-isoleucine by 
erythrocytes of owl monkeys infected with P. falciparum 
and erythrocytes from rhesus monkeys infected with P^ 
knowlesi. It was noted that puromycin at a concentration 
of 1.0 X 10"5 m  and cycloheximide at 3.6 X 10"^ M served 
as potent inhibitors of protein synthesis by P_. falciparum- 
infected owl monkey erythrocytes. However, chloramphenicol, 
even at concentrations of 3.1 X 10“4 M, had no effect on 
incorporation. Protein synthesis in red blood cells from 
P̂ . knowlesi-infected rhesus monkeys was inhibited by 
puromycin but not chloramphenicol. These results indicate 
that the malarial parasites respond to these antibiotics 
in a manner characteristic of eukaryotic organisms.
However, Sherman et al., (1971) observed that chlorampheni­
col inhibited ^4C-isoleucine incorporation by erythrocytes 
from ducks infected with P_. lophurae. The concentration of 
chloramphenicol (4 X 1 0 M) was higher than that used by 
Schnell and Siddiqui (1972) .
C. Amino acid concentrations in plasma and erythrocytes 
Many studies have been conducted on concentrations
of unbound amino acids in plasma and erythrocytes. Love 
and Wiygul (1969) made a study of the free amino acids 
in plasma and erythrocytes from normal calves and calves 
infected with A. marginale. Concentrations of 9 out of 21
10
amino acids in the plasma of infected calves differed 
significantly from amino acid concentrations in plasma 
from normal calves. Of the 9 amino acids, 6 showed a 
decrease from normal levels. The authors speculate that
A. marginale causes a metabolic change resulting in 
utilization of free amino acids in the plasma for new 
protein synthesis or antibody formation by the host. 
However, 7 of the 21 amino acids were present in increased 
concentrations in the plasma from infected calves, and 
11 of the 21 amino acids studied increased in concentra­
tion in erythrocytes from infected animals. It has not 
been confirmed that this is a reflection of Anaplasma 
growth and protein synthesis. This work was done with 
erythrocytes generally within the range of only 30-35 
percent parasitemia.
Nicolaidon el: al^ (1962) analyzed the free amino 
acid concentrations in the plasma and erythrocytes from 
25 normal children and adults, and cord blood from 4 
children employing the method of salt-saturated paper 
chromatography. They found that the concentration of the 
glutamyl residue decreased with the age of the child.
When compared with adults, the erythrocyte-plasma ratios 
of the amino acid concentrations were higher for the 
children. Cord blood was found to contain high concentra­
tions of the dibasic amino acids lysine, ornithine and 
histidine when compared to blood from normal adults and 
children. Later, Nicolaidon et al. (1965) made a study of
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the unbound amino acids in the plasma and erythrocytes 
of children with various anemias (iron deficiency anemia, 
sickle cell anemia, hereditary spherocytosis, erythro­
blastosis fetalis, thalassemia minor, thalassemia major, 
unstable reduced glutathione, acquired hemolytic anemia, 
autoimmune hemolytic anemia and S and F hemoglobinopathy) . 
There appeared to be no distinguishing relationship in 
any of the studies between the type of disease and the 
unbound amino acid concentrations in either the plasma 
or the erythrocytes. Patients with iron deficiency 
anemia had typically low hemoglobin concentrations and 
normal reticulocyte counts as compared to patients with 
other anemias. Other than these differences, all anemias, 
in general, whether identified by low blood hemoglobin 
content or elevated reticulocyte counts, were always 
accompanied by high concentrations of amino acids in the 
erythrocytes. Almost all of the individual amino acids 
contributed to the increased concentrations.
Siddiqui and Trager (1967) determined the free amino 
acid pool of plasma and erythrocytes from normal ducks 
and ducks infected with P. lophurae. These workers com­
pared the relationship of free amino acids in plasma and 
cells. It was found that plasma from infected ducks 
contained aspartic acid, proline, valine, leucine, tyrosine, 
and phenylalanine at 2 to 3 times the normal concentrations, 
and threonine was present at 4 times the normal level. 
Arginine, however, was found to be present at less than
12
half the normal concentration. In the erythrocytes from 
infected ducks there was a marked increased of all of 
the 17 amino acids studied except cystine.
Sherman and Mudd (1966) also found that during 
P. lophurae infection there is a marked increase in the 
intraerythrocvtic free amino acid pool. They felt that 
the increase was due to the free amino acids of the 
growing parasite. Glutamine, aspartic acid, alanine and 
lysine were the amino acids that most dramatically in­
creased during infection. These amino acids were found 
in the highest concentration in purified preparations of 
P. lophurae.
The paucity of literature on the biochemical activities 
of A. marginale, particularly on amino acid metabolism, 
suggests that further studies need to be conducted in 
this area. Such data would aid in our understanding of 




Young calves of mixed breed and sex were purchased 
at local auctions and dairies. The calves were fed 
starter rations or placed with a nurse cow until they 
were old enough to be fed grain.
Resistance to anaplasmosis in the bovine species is 
reduced by splenectomy (Roby et al_., 1961; Jones and 
Norman, 1968); therefore, all calves were splenectomized 
two weeks prior to inoculation.
B. Blood collection and inoculation 
Anaplasmosis was produced by inoculating experi­
mental calves via the jugular vein with 30-50 ml of whole 
blood from a carrier animal or an animal with an active 
infection. Blood was collected 3-5 times weekly to
check hematologic values and to detect and follow Anaplasma 
infections. For this purpose, approximately 5 ml of blood 
were collected into evacuated glass containers (16 X 100 mm) 
which contained 12 ml disodium ethylendiamine tetraacetic 
acid (EDTA) as an anticoagulant. When large volumes of 
blood were needed, collection was by exsanguination of 
calves into flasks containing heparin sodium solution 




The incubation period required for peak infection 
varied in individual calves. Smears of infected blood 
were made on microscope slides and stained for 20 minutes 
with a 10 percent solution of Giemsa's blood stain.
Packed cell volumes were determined using a microhemato­
crit techinque. When the percent infection reached 60-80 
percent, the animals were exsanguinated and the blood 
was treated as described below.
XX. Preparation of Materials
A. Erythrocytes and plasma
Whole blood from both normal and infected animals 
was centrifuged at 2,000 x g for 20 minutes and the plasma 
removed. Erythrocytes were washed three times with physio 
logical saline solution and leukocytes removed by aspira­
tion after each centrifugation.
Plasma from normal calves was centrifuged at 
12,000 x g for 20 minutes to obtain a cell-free medium 
in which all subsequent incubations were made.
B. Marginal Bodies
The method of Rogers et aî . (1964) was used to 
purify A. marginale and is outlined in Figure 1. This 
procedure employs sonication, differential centrifugation, 
ultracentrifugation and sucrose density gradients to 
purify the marginal bodies. In place of the CF buffer, 
phosphate-buffered saline was used. The sucrose density
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Washed, infected erythrocytes
Bonification of equal volumes of packed RBC 
and P0|-buffered physiological saline (pH 7.6) 
using Branson Sonifier at 10 amps for 70 seconds
Centrifugation at 1065 x g f 20 minutes, 4°C
Sediment (RBC ghosts) Supernatant fluid




Centrifugation at 51,000 x g,
90 minutes, 4°C _________
Layer containing Anaplasma bodies at 
30% and 40% interface washed once in 
PO|-buffered saline
Figure 1. Diagram of procedure of purification of
Anaplasma bodies employing sucrose density 
gradients and ultracentrifugation.
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gradients were discontinuous and were prepared with 4 ml 
of 60 percent sucrose and 7 ml each of 50 percent, 40 
percent and 30 percent sucrose.
Anaplasma bodies, most numerous at the 30 and 40 
percent interface, were removed with a Pasteur pipette 
and washed in phosphate-buffered saline to remove the 
sucrose. This preparation of partially-purified marginal 
bodies was employed in the incubation procedures described 
later.
C. Phenylhydrazine-induced anemia
A calf was made anemic by intravenous injection 
of phenylhydrazine HC1. A schedule of injection times, 
dosages and hematologic values are shown in Table 1. The 
calf was utilized to compare chemically-induced anemia 
with the secondary anemia caused by A. marginale.
III. Incubation of Materials
A. Erythrocytic suspensions
A 25 percent (v/v) erythrocytic suspension con­
sisting of 10 ml packed cells and 30 ml cell-free plasma 
constituted the incubation medium. To this mixture 
penicillin (1,000 units/ml), streptomycin (1,5000 units/ml) 
and EDTA (0.01 ml of a 0.1% solution/ml) were added. All 
isotopes were obtained from Amersham-Searle and were added 
at a concentration of 0.1 pc/ml except for 14C-glycine (U) 
which was added to a concentration of 0.05 pc/ml. Other
17
Table 1. Infection times, dosage and hematological 
values of a calf with anemia induced with 
phenylhydrazine hydrochloride.
Day Dose (mg) PCV (%) RBC X 106
1 250 40 9 .32
2 250 37 8.37
3 250 37 8.69
4 500 34 7.90
7 250 19 5.03
9 250 17 4 .86
10 250 14 2.27
11 250 16 2 .18
14 250 23 2.39
15 250 21 2.11
16 -- 19 2.12
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isotopes used were l-^4C-isoleucine, l-^C-methionine, 
l4C-glutamic acid (U), 14c-phenylalanine (U), l4C-arginine 
(U) and 14c-aspartic acid (U) .
Incubations were made for 3 and 6 hr in 150 ml 
erlenmeyer flasks on a rotary shaker water-bath at 38°C. 
Initial incubations were conducted for longer periods, • 
but no change in uptake of 14C-amino acids was observed 
after 5 hr. Furthermore, extreme hemolysis occurred 
after prolonged incubation periods. Aliquots of 5 ml 
were removed from the erythrocytic suspension at each 
time period during the incubation. The cells were washed 
3 times in physiological saline and frozen prior to 
fractionation or preparation for liquid scintillation 
counting. Similar incubations for 4 hr were made with 
l-14c-methionine and tetracycline (Terramycin, 25 pg/ml) 
in order to determine if tetracycline affected the uptake 
of l-^4C-methionine.
B. Marginal bodies
One-hundred ml of packed erythrocytes from normal 
and Anaplasma-infected calves were processed according to 
the procedure outlined in Figure 1 for isolation of 
Anaplasma bodies. The resulting pellets were resuspended 
in 6 ml of phosphate-buffered saline, and 2 ml of this 
suspension were added to each of three flasks containing 
30 ml of cell-free normal plasma. Isotopes, antibiotics 
and EDTA were added in the concentrations mentioned in 
Section A. Isotopes used were 1-14C-glycine, 1-14C-
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methionine and 14C-isoleucine (U). Incubations were made 
for 3 hr on a rotary shaker water-bath at 38°C. The 
mixture was subsequently centrifuged at 27,000 x g for 
20 minutes, the pellet washed 3 times in saline and 
prepared for fractionation with trichloroacetic acid (TCA).
In a separate experiment, 1.0 ml of packed red cells 
each from normal and infected animals which had been 
incubated with 1-^^C-methionine was processed for isola­
tion of marginal bodies. Fractions of 0.5 ml were 
collected in liquid scintillation counting vials from the 
bottom of tubes containing the sucrose gradients.
IV. TCA Fractionation and Liquid Scintillation Counting
A. TCA fractionation
In order to determine what form the labeled amino 
acid took once it entered the erythrocyte, cold TCA 
fractionation was used. The TCA-soluble fraction contains 
the label as the free amino acid and the TCA-insoluble 
fraction contains the label incorporated into protein.
Ten microliter samples from the incubated cells were 
solubilized and assayed for radioactivity without TCA 
fractionation in order to determine uptake in whole cells. 
Ten microliters of the packed cells also were fractionated 
with cold TCA to determine the amount of radioactivity 
i the acid soluble and insoluble portions. The TCA 
precipitates were prepared by adding an equal volume of 
cold 10% TCA to 10 microliters of packed cells in 0.1 ml
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of phosphate-buffered saline (pH 7.6). Precipitates were 
allowed to form during a 30-minute period at 5°C and were 
washed twice in cold 5% TCA, and subsequently placed in 
liquid scintillation vials for solubilization and counting.
Fractionation of Anaplasma bodies with TCA was 
conducted similarly. The layer containing the Anaplasma 
bodies was removed from the gradient, washed 3 times 
with saline, and fractionated with TCA.
B. Assay of radioactivity
Packed red blood cells and TCA-soluble and 
insoluble fractions of erythrocytes and marginal bodies 
were placed in scintillation vials and solubilized with 
1.5 ml of NCS solubilizer (Amersham-Searle Corp., Des 
Plaines, IL). Colored samples were placed in strong 
sunlight for approximately 5 days for bleaching. To this, 
15 ml of a scintillation fluor was added into each vial.. 
The scintillation solution consisted of 3.0 grams of
2 ,5-diphenyloxazole and 0.1 gram of l,4-bis-[2-(5- 
phenyloxazoyl)]-benzene in 1 liter of toluene. Determina­
tion of levels of radioactivity of the samples were made 
with a Beckman Liquid Scintillation Spectrometer, Model 
LS200. Correction in efficiencies were made using a 
chemical quench correction curve determined by Slack 
(1970).
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14 3 .V. c- and H-Isoleucine Incorporation Experiment
A. General
In this experiment, red blood cells from normal 
and infected animals were incubated with labeled amino 
acids and aliquots removed at time intervals as outlined 
in Section IV. However, cells from a normal calf were 
incubated with 1.5 pCi/ml of 14C-isoleucine, and cells 
from an infected calf were incubated with 5.0 pCi/ml of
4,5- H-isoleucine (n). The incubations were conducted 
for 5 hr, and aliquots removed from each incubation 
mixture were washed 3 times in physiological saline.
Equal volumes of erythrocytes from each incubation were 
then pooled and prepared for TCA fractionation and liquid 
scintillation counting.
B. Double label calculations
For the technique of determining 2 isotopes in 
the sample simultaneously, the procedure by Kobayashi and 
Maudsley (1970) was employed. The high energy isotope 
-*-4C can contribute to counts in the isoset. Calcula- 
tions must be made to determine the amount of the H 
channel counts that are contributed by 14C. Corrections 
must also be made for the percent efficiency of using the 
14C over isoset in place of the 14C isoset. Therefore, 
standards containing known amounts (d.p.m.) of 3H- and 
■*"4C-toluene are used to determine the counting efficiency 
for each isotope in both the and the 14C over isosets.
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The values were as follows:
3H in 3H isoset (h ) = 0.41*
3H in above 3H isoset (h ) = 0.002
l^C in %  isoset (ĉ ) = 0.16
14c in 14c above 3H isoset (c ) = 0.602
After these values were calculated, the 3H and 14c 
in each of the experimental samples were counted using 
the 3H and l4c above 3H isosets. (N^ = net cpm in 3H
isoset and = net cpm in 14c above 3H isoset). Then, 
14c and 3H were calculated (in dpm) from:
, i 14- N2(a) . C = — ±_
C2
- N - (14C) (c )
(b) . H = _1___________L_
h1
VI. Amino Acid Analysis
A. Sample preparation
Plasma and erythrocytes from a normal calf, a 
calf made anemic with phenylhydrazine and two Anaplasma- 
infected calves were assayed for free amino acid content.
*h - net cpm
3h - toluene dpm (100% efficiency = 1 -00>
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Blood samples for analysis were prepared by standard 
methods according to the Beckman Instruction Manual.*
Blood withdrawn from the jugular vein was centrifuged at 
600 x g for 20 minutes at 4°C, the plasma decanted and 
the bottom two thirds of the packed cells recovered. 
Erythrocytes were recentrifuged for 20 minutes at 
2,000 x g, 4°C (Sherman and Muddf 1966).
Cells were deproteinized by blending 2.5 ml of 
packed cells with 25 ml of 1% picric acid in a Waring 
blender. Picric acid precipitates were removed by 
centrifugation, and remaining picric acid was removed by 
passing the supernatant liquid through a prepared resin 
bed containing Dowex 2-X10, chloride form. The effluent 
and washings were concentrated on a rotary evaporator to 
a volume of 1-3 ml. The pH was adjusted to 7.2 with a 
1 N sodium hydroxide, and 0.2 ml of a 0.5 M solution of 
sodium sulfite was added in order to convert glutathione 
to glutathione-S-sulfonate. This prevented a column 
emergence of glutathione which would interfere with 
several amino acid peaks. The samples were then adjusted 
to pH 2.0 with 1 N HC1 and diluted to a volume which would 
give a solution corresponding to 0.5 ml of the original 
tissue per ml.
Plasma samples were deproteinized by shaking 10 ml 
of plasma with 50 ml of a 1% picric acid solution.
*Beckman Instruction Manual. Technical Publications Dept. 
Spinco Division. Beckman Instruments, Inc. Stanford 
Industrial Park. Palo Alto, California.
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Precipitates were removed by centrifugation, and 50 ml 
of the supernatant liquid (corresponding to 8.34 ml of 
the original plasma) were passed through a Dowex 2-X10 
resin bed to remove the picric acid. The effluent and 
washings were concentrated on a rotary evaporator to a 
3-ml volume and adjusted to pH 7 with I N NaOH to convert 
cysteine to cystine. The solution was then adjusted to 
pH 2.0 with 1 N HC1 and brought to a final volume of 
5 ml.
B. Sample analysis
Aliquots of 0.2 ml of each sample were analyzed 
using a Beckman Model 120C amino acid analyzer at 52°C 
on 55 X 0.9 and 11 X 0.9 cm columns containing Beckman 
Ur -30 resin. Approximately 22 ninhydrin positive compounds 
were detected and 17 were quantitatively identified as 
amino acids.
RESULTS AND DISCUSSION
The purpose of this investigation was to characterize 
the amino acid metabolism of A. marginale and erythrocytes 
from Anaplasma-infected calves. Furthermore, a comparison 
of the amino acid concentrations in the erythrocytes and 
plasma from normal, Anaplasma-infected and experimentally- 
induced anemic calves was also conducted. This study 
would provide further knowledge of amino acid metabolism 
that could reflect the nature of dependence of the parasite 
on the host.
It has been observed that labeled glycine is incor­
porated into erythrocytic stromal proteins of Anaplasma- 
infected calves at a much greater rate than normal erythro­
cytes (Mason and Ristic, 1966) . Erythrocytes from calves 
infected with A. marginale had a 30-fold increase in 
uptake of l-^^C-methionine as compared to normal bovine 
erythrocytes (Cox, 1971). The free amino acid concentra­
tions in erythrocytes from calves which showed a 30-35 
percent parasitemia have also been examined (Love and 
Wiygul, 1969).
Comparisons were made in this study between normal 
and Anaplasma-infected (60-80 percent parasitemia) calves 
in relation to amino acid uptake and incorporation of
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amino acids into protein by purified organisms and 
erythrocytes. Amino acid concentrations were also 
established for plasma and erythrocytes.
Establishing the metabolic activities of the parasite 
could aid in selecting new chemotherapuetic agents could 
also be studied. Tetracycline compounds, for example, 
could be employed to control the disease if there is 
active protein synthesis by the parasite. In addition, 
knowledge of the metabolic requirements of A. marginale 
could be used to establish an in_ vitro means of cultiva­
tion .
X. 1^C-Amino Acid Uptake
A. Uptake by erythrocytes
1. Whole cell uptake
Because of the relatively limited metabolic 
activities of the mature normal mammalian erythrocyte 
(Bishop, 1964), changes in the metabolism of erythrocytes 
from diseased hosts should easily be detected. In com­
parisons made between uptake in vitro of ^C-labeled 
glycine, isoleucine, and methionine by erythrocytes from 
normal and Anaplasma-infected animals over a 3 hr period, 
all 3 amino acids were incorporated at an increased rate 
by the cells from an infected calf (Figure 2). When 
compared to the normal erythrocyte, cells from infected 
calves incorporated glycine, isoleucine, and methionine 






















Figure 2. Uptake of l-^c-glycine, -isoleucine (U) and
l-14c-methionine by erythrocytes from normal and 
Anaplasma-infected calves. Erythrocytic sus- 
pensions (25% in normal plasma) were incubated 
in vitro with each ^c-amino acid for 3 hr. 
Following incubation the cells were washed three 
times with physiological saline and prepared for 
liquid scintillation counting.
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The relationship between disease and increased 
accumulation of amino acids by erythrocytes, particularly 
in anemias, has been substantiated (McCormick, 1970; 
Sherman, 1967; Bjomesjo, 1968) . Only 2 investigations 
have been reported in which there was increased uptake of 
an amino acid by erythrocytes from calves infected with
A. marginale (Mason and Ristic, 1966). Incubation of 
erythrocytes with -^C-glycine was extended over a 24-hr 
period by these authors, and increased radioactivity was 
noted in erythrocytes and in the stromal proteins of 
erythrocytes of infected animals. Cox (1971) found 
erythrocytes from infected calves to have higher uptake 
values for 1-^C-methionine than did normal erythrocytic 
controls, but the increase appeared to be evenly distri­
buted throughout protein components which were separated 
by disc electrophoresis.
The trend in data shown in Figure 2 agrees with the 
data of Mason and Ristic (1966) and Cox (1971); however, 
increased uptake of glycine, as well as isoleucine and 
methionine, occurred within 3 hr of incubation. In the 
present study, initial incubations were for longer periods, 
but no increase in uptake of -^C-amino acids was observed 
after 5 hr.
Many factors could be involved in amino acid uptake 
by erythrocytes from infected animals. Alteration of the 
red cell membrane could have possibly accounted for 
increased permeability allowing amino acids and other
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substances to enter or leave the cell more readily.
Reports have been made concerning lipid content and 
ultrastructural changes in erythrocytes from infected 
animals. Dimopoullos and Bedell (1962) observed a 
decrease in concentration of total phospholipid in erythro­
cytes from animals infected with A. marginale, and noted 
that a relationship existed between osmotic fragility and 
decreased phospholipid content of the cells. Since an 
altered erythrocytic membrane results from anaplasmosis, 
amino acids may enter the cell at an increased rate.
However, for amino acids to accumulate at high 
levels, the acids must not exit the cell at the same rate 
that they entered. If the amino acid is necessary as a 
nutritional requirement for the parasite, it must be 
incorporated into protein by the parasite and the erythro­
cyte.
It has also been observed that an altered erythrocytic 
permeability to sodium, potassium and calcium ions occurs 
during an infection with A. marginale (Garon, 1966). The 
appearance of marginal bodies in the blood is paralleled 
by a loss of erythrocytic sodium and potassium. These 
data imply an altered transport system in the red cell 
during infection. Studies revealed that during the initial 
stages of infection calcium ions were expelled from the 
erythrocyte; however, when the infection became acute 
calcium uptake was observed. Since calcium ion is thought 
to function in the protein and phospholipid ultrastructure
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of the erythrocytic membrane {Winkler and de Jong, 1941; 
Bolingbroke and Maizels, 1959), a change in uptake of 
calcium could possibly result in an alteration in membrane 
structure and a change in amino acid permeability of the 
cell.
2. TCA fractionation
Since the increased uptake of ^C-labeled 
amino acids by red cells from infected animals was 
interpreted as being a significant deviation from the 
normal (Figure 2), soluble and insoluble fractions were 
prepared with cold 10 percent TCA, in order to determine 
the fate of incorporated amino acids. The TCA-soluble 
fraction contained the label as the free amino acid or 
a small molecular weight substance, and the TCA-insoluble 
fraction contained the label incorporated into protein. 
When the fractionated erythrocytes from both normal and 
infected animals were examined, it was found that both 
the TCA-soluble and TCA-insoluble portions from infected 
blood which was incubated with labeled glycine, methionine, 
and isoleucine contained increased levels of radioactivity 
(Figures 3-8) . Uptake of -*-4C-methionine accounted for the 
greatest amount of radioactivity in both TCA-soluble and 
insoluble fractions (Figures 7 and 8) .
In cells from infected animals the TCA-soluble 
fraction contained most of the radioactivity (Figures 4, 6, 
and 8), except in the case of methionine, in which radio­
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Figure 3. Radioactivity in the TCA-insoluble fraction of 
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (25% in normal 
plasma) were incubated in vitro with 1-l^c- 
glycine. Aliquots of ceTis were washed three 
times with physiological saline, fractionated 
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Figure 4. Radioactivity in the TCA-soluble fraction of
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (254 in normal 
plasma) were incubated in vitro with l-^c- 
glycine. Aliquots of ceTls were washed three 
times with physiological saline, fractionated 
























Figure 5. Radioactivity in the TCA-insoluble fraction of 
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (23% in normal 
plasma) were incubated in vitro with 14c- 
iscleucine (U). Aliquots of cells were washed 
three times with physiological saline, frac­


























Figure 6. Radioactivity in the TCA-soluble fraction of
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (25% in normal 
plasma) were incubated in vitro with 
isoleucine (0). Aliquots of cells were washed 
three times with physiological saline, frac­
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Figure 7. Radioactivity in the TCA-insoluble fraction of 
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (25% in normal 
plasma) were incubated in vitro with 1-14C- 
methionine. Aliquots o:F~cells were washed three 
times with physiological saline, fractionated 
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Figure 8. Radioactivity in the TCA-soluble fraction of
erythrocytes from normal and Anaplasma-infected 
calves. Erythrocytic suspensions (25% in normal 
plasma) were incubated in vitro with l-14c- 
methionine. Aliquots were wasKed three times 
with physiological saline, fractionated with 
cold 10% TCA and prepared for liquid scintillation 
counting.
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(Figures 7 and 8) . In all of the incubations, however, 
the labeled amino acid was incorporated into the red cell 
from infected animals at a much higher level than normal. 
Protein synthesis was also more active in the cells from 
infected calves as reflected by the amount of 
measured in the TCA-insoluble fractions.
Active protein synthesis in erythrocytes from 
infected calves could reflect utilization of amino acids 
by the parasite to synthesize enzymes and structural 
proteins. It could also indicate increased protein synthe­
sis in the erythrocytes from an infected calf.
B. Chemically-induced anemia
Red cells from a calf made anemic with injections 
of phenylhydrazine hydrochloride were assayed for incor­
poration of l^C-labeled glycine, isoleucine, and 
methionine. Incorporation levels of all 3 amino acids 
by erythrocytes from such an anemic calf were much 
higher than that of erythrocytes from normal and infected 
calves (Tables 2, 3, and 4). However, TCA fractionation 
revealed that the radioactivity in the cells from this 
calf was almost entirely in the TCA-soluble fraction 
(Tables 5, 6, and 7), indicating that the high levels of 
uptake of amino acids by erythrocytes from the calf made 
anemic with phenylhydrazine hydrochloride reflect concen­
trations of free amino acids instead of protein. The 
TCA-insoluble fraction contained about the same level of 
radioactivity as that of the normal erythrocytes, showing
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Table 2. Radioactivity in erythrocytes from a normal
calf, a calf with a chemically-induced anemia, 
and a calf infected with Anaplasma marginale. 
l-l4C-glycine for the time period indicated, 
washed three times with physiological saline 
and prepared for liquid scintillation counting. 













1 481 9 80 1680
2 525 921 1769
3 617 952 2044
4 576 985 2524
5 698 1066 2626
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Table 3. Radioactivity iru erythrocytes from a normal
calf, a calf with a chemically-induced anemia, 
and a calf infected with Anaplasma marginale. 
Erythrocytes were incubated in vitro with 
-*-4c-isoleucine (u) for the time period indicated, 
washed three times with physiological saline, 
and prepared for liquid scintillation counting. 













1 293 708 1992
2 448 678 1123
3 587 815 2391
4 583 708 1338
5 719 667 1785
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Table 4. Radioactivity in erythrocytes from a normal
calf, a calf with a chemically-induced anemia, 
and a calf infected with Anaplasma marginale. 
Erythrocytes were incubated in vitro with 
1— C—methionine for the time period indicated, 
washed three times with physiological saline, 
and prepared for liquid scintillation counting. 













1 248 871 2987
2 341 1115 2844
3 361 1161 2978
4 383 1178 2862
5 428 1133 2670
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Table .5. Radioactivity in TCA fractions of erythrocytes 
from a normal calf (N), a calf with a 
chemically-induced anemia (C), and a calf 
infected with Anaplasma marginale (I).. Erythro­
cytes were incubated in vitro with 1-i^C-glycine 
for the time period indicated, washed three 
times with physiological saline, fractionated 




TCA SOLUBLE TCA INSOLUBLE
cpm/0.01 ml packed cells cpm/0.01 ml packed cells
N I C N I C
1 295 307 741 95 195 213
2 421 534 972 121 287 277
3 447 795 1044 149 422 324
4 503 913 1200 156 444 347
5 771 596 1504 186 324 461
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Table 6. Radioactivity in TCA fractions of erythrocytes
from a normal calf (N), a calf with a. chemically- 
induced anemia (C) , and a calf infected with 
Anaplasma marginale (I). Erythrocytes were incubated in vitro with l^C-isoleucine (y) fQr
the time period indicated, washed three times 
with physiological saline, fractionated with 




TCA SOLUBLE TCA INSOLUBLE
cpm/0.01 ml packed cells cpm/0.01 ml packed cells
N I C N I C
1 141 210 583 141 311 125
2 248 289 678 179 274 122
3 304 465 880 278 390 133
4 321 507 860 188 386 145
5 423 571 902 219 2 84 158
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Table 7. Radioactivity in TCA fractions of erythrocytes
from a normal calf (N), a calf with a chemically- 
induced anemia (C), and a calf infected with 
Anaplasma marginale (I). Erythrocytes were 
Incubated in vitro with 1-I^C-methionine for the 
time perio3~indicated, washed three times with 
physiological saline, fractionated with cold 




TCA SOLUBLE TCA INSOLUBLE
cpm/0.01 ml packed cells cpm/0.01 ml packed cells
N I C N I C
1 142 305 1103 311 723 204
2 284 447 1231 192 956 366
3 336 544 1375 362 1261 414
4 301 687 1511 208 1682 444
5 454 1095 1502 418 360 419
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that very little protein synthesis took place in the red 
cells from the calf made anemic with phenylhydrazine 
injections. Amino acids were accumulated rapidly by the 
cells from this calf, but, were not incorporated into 
protein. The erythrocytes from the calf made anemic with 
phenylhydrazine apparently were altered which may have 
accounted for amino acid accumulation. This fact does 
not explain the increased rate of protein synthesis in 
erythrocytes from infected calves which are reflected by 
increased radioactivity in the TCA-insoluble fraction 
(Figures 3, 5, and 7).
C. Studies with other amino acids
In order to detect whether or not A. marginale 
has a preference for an amino acid, incubations were made 
with 5 additional amino acids. For this experiment, 2 
acidic amino acids, aspartic and glutamic acid, a basic 
amino acid, arginine, and a neutral amino acid, alanine, 
and phenylalanine, an amino acid with a resonating ring 
structure, were used.
Glutamic acid was detected in the TCA-soluble and 
TCA-insoluble fractions of erythrocytes from infected 
calves at only a slightly increased level as compared to 
normal erythrocytes (Table 8). Aspartic acid was incor­
porated into the TCA-insoluble fraction at about the same 
level in erythrocytes from both normal and infected 
calves, but less was found in the soluble fraction of the 
infected erythrocytes than the normal (Table 9).
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Table 8. Radioactivity in TCA fractions of erythrocytes 
from normal calves and calves infected with 
Anaplasma marginale. Erythrocytes were 
incubated in vitro with -^C-glutamic acid (U) , 
for the time period indicated, washed three 
times with physiological saline, fractionated 
with cold 10% TCA, and prepared for liquid 
scintillation counting.
Time TCA SOLUBLE TCA INSOLUBLE
(hrs.) cpm/O.Ol ml packed cells cpm/0.01 ml packed cells
Normal Infected Normal Infected
1 122 76 91 102
2 99 145 104 112
3 120 130 106 121
4 106 159 136 119
5 135 220 109 120
6 119 177 104 159
7 115 141 122 174
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Table 9. Radioactivity in TCA fractions of erythrocytes 
from normal calves and calves infected with 
Anaplasma margianle. Erythrocytes were 
incubated in vitro with l^c-aspartic acid (U) 
for the time period indicated, washed three 
times with physiological saline, fractionated 
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Phenylalanine, alanine and arginine were found to be 
incorporated into the TCA-insoluble fraction of erythro­
cytes from infected animals at a higher level than in 
normal erythrocytes {Tables 10, 11 and 12). Of these 
3 amino acids, phenylalanine was preferred for incorpora­
tion into protein. In the TCA-soluble fraction, decreased 
levels of phenylalanine, alanine, and arginine were found 
in erythrocytes from infected animals as compared to 
normal erythrocytes.
D. ^C-amino acid uptake by marginal bodies
Studies on the incorporation of ^C-amino acids 
into semi-purified preparations of A. marginale were 
conducted. Experiments were controlled by incubating 
material from normal erythrocytes which had been processed 
in a similar manner as infected erythrocytes. Extremely 
high levels of uptake of isoleucine, glycine, and 
methionine were detected in both TCA-soluble and 
insoluble fractions of preparations containing isolated 
marginal bodies (Figures 9 and 10). The radioactivity 
of the soluble fraction of the marginal body preparation 
was approximately 10- to 16-fold greater than the TCA 
insoluble fraction of the same preparation. A high level 
of incorporation of amino acids by the partially-purified 
preparation of A. marginale indicates that some of the 
lable detected in incubated erythrocytes is associated 
with the marginal bodies.
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Table 10. Radioactivity in TCA fractions of erythrocytes 
from normal calves and calves infected with 
Anaplasma marginale. Erythrocytes were 
incubated in vitro with ■*-^C-phenylalanine (U) 
for the time period indicated, washed three 
times with physiological saline, fractionated 
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Table 11. Radioactivity in TCA fractions of erythrocytes 
from normal calves and.calves infected with 
Anaplasma marginale. Erythrocytes were 
incubated in vitro with 14c-alanine (U) for 
the time period indicated, washed three times 
with physiological saline, fractionated with 
cold 10% TCA, and prepared for liquid scintilla­
tion counting.
Time TCA SOLUBLE TCA INSOLUBLE
(hrs.) cpm/0.01 ml packed cells cpm/0.01 ml packed cells
Normal Infected Normal Infected
1 529 752 94 143
2 1101 905 118 176
3 1263 1022 113 223
4 974 875 98 217
5 1048 785 123 239
6 774 348 110 223
7 732 803 115 249
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Table 12. Radioactivity in TCA fractions of erythrocytes 
from normal calves and calves infected with 
Anaplasma marginale. Erythrocytes were 
incubated in' vitro with l^c-arginine for the 
time perio3“indicated, washed three times in 
physiological saline, fractionated with cold 




TCA SOLUBLE TCA INSOLUBLE
cpm/0.01 ml packed cells cpm/0.01 ml packed cells
Normal Infected Normal Infected
1 246 165 106 122
2 334 283 138 184
3 495 316 156 237
4 583 492 210 270
5 621 463 165 272
6 616 382 140 316



























Figure 9. Radioactivity assayed in TCA-soluble fractions
of a partially-purified preparation of Anaplasma 
marginale and a similar preparation of normal 
erythrocytes. Both preparations had been incu­
bated 3 hr at 38° C with 14c-amino acids, washed 
three times in phosphate-buffered saline, 





















Figure 10. Radioactivity assayed in TCA insoluble fractions 
of a partially-purified preparation of Anaplasma- 
marginale and a similar preparation of normal 
erythrocytes. Both preparations were incubated 
3 hr at 38° C with l^C-amino acids, washed 
three times in phosphate-buffered saline, 
fractionated with cold 10% TCA and prepared 
for liquid scintillation counting.
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In another experiment, erythrocytes from normal and
A. marginale-infected calves which had been incubated
with l^c-i-methionine for 4 hr were processed according
to the procedure for purifying A. marginale (Figure 11).
Hie sucrose density gradients were assayed and a peak in
radioactivity was found only in the preparation made
from erythrocytes from infected calves. This activity
14probably corresponds to the label taken up as 1- C- 
methionine by the marginal bodies. Therefore, it appeared 
that A. marginale was active in the incorporation of 
amino acids in the erythrocytic suspensions. Protein 
synthesis by the parasite was not detected by the methods 
used by Cox (1971). In this study, however, high levels 
of radioactivity in TCA-insoluble fractions of partially- 
purified preparations of A. marginale suggest that protein 
synthesis is carried out by the parasite.
E. Effect of tetracycline
When erythrocytes were incubated with tetracycline, 
a significant decrease in radioactivity was observed in 
the TCA-insoluble fraction of erythrocytes from infected 
animals (Table 13) . Since tetracycline drugs function in 
the inhibition of protein synthesis (Davis and Feingold, 
1962) , a decrease in radioactivity would be expected in 
the TCA-insoluble fraction which contains protein. The 
corresponding TCA-soluble fractions did not show 






















1 2 3 4 5 6 7 8 9 10 11 12
Sucrose Gradient (ml from the bottom)
Figure 11. Radioactivity assayed in discontinuous sucrose 
density gradients which were used to separate 
Anaplasma marginale from erythrocytic membrane 
fragments. Drops were collected froir. the 
bottom into liquid scintillation vials and 
were prepared for radioactive assay.
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Table 13. The effect of tetracycline on uptake ofl-l^C-methionine in TCA fractions of erythro­
cytes from calves infected with Anaplasma 
marginale. Erythrocytes were incubated 
in vitro with l-l^c-methionine, and also with 
and without tetracycline {25 jig/ml) for the 
time period indicated, washed three times 
with physiological saline, fractionated with 




TCA INSOLUBLE TCA SOLUBLE









.5 1269 1077 443 143
1 1754 709 282 245
2 1835 1181 399 358
3 1865 1146 437 6 34
4 2018 1177 550 565
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For controls, erythrocytes from normal animals were 
incubated with and without tetracycline. Significant 
differences were not found in either TCA-soluble or 
insoluble fractions of either sample (Table 14).
It seems likely that at the concentration employed 
(25 pg/ml), tetracycline inhibited the incorporation of 
1-^C-methionine into protein. It is not known from this 
experiment whether inhibition of protein synthesis was 
that of the host erythrocyte or the organism or both.
II. Experiment employing -^c- and ^H-isoleucine
An experiment was undertaken.to confirm the fact that 
cells from infected calves exhibited increased levels of 
incorporation of amino acids and high levels of protein 
synthesis when compared to cells from normal calves. In 
this study, two isotopes were used to distinguish amino 
acid uptake by cells from normal calves and calves infected 
with A. marginale. Cells from infected animals were 
incubated with 4,5-^H-isoleucine (n), and cells from 
normal animals were incubated with -^C-isoleucine (u).
activity appeared at an increased level in the 
TCA-insoluble fraction, particularly after the third hr of 
incubation (Figure 12). %  counts remained at a high
level after the third hr, whereas -^C counts stayed at a 
constant low level. In the TCA-soluble fraction, both 
3H and 14C increased over 3 hr of incubation, but after 
the third hr the level exceeded the -^C level (Figure 13).
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Table 14. The effect of tetracycline on uptake of
l-14c-methionine in TCA fractions of erythro­
cytes from normal calves. Erythrocytes were 
incubated in vitro with l-14c-methionine and 
also, with and without tetracycline (25 pg/ml) 
for the time period indicated, washed three 
times in physiological saline, fractionated 
with cold 10% TCA, and prepared for liquid 
scintillation counting.
Time TCA INSOLUBLE TCA SOLUBLE









1 378 347 171 229
2 418 426 30 8 348
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Time (hr)
Figure 12, Radioactivity of TCA-insoluble fractions of
erythrocytes. Normal cells were incubated with 
14c-isoleucine (U), and cells from infected 
calves were incubated with 4 ,5-3H-isoleucine (n.) . 
At time intervals indicated, cells were removed 
from each incubation mixture, pooled, washed 
three times with physiological saline, frac­











































Figure 13. Radioactivity of TCA-soluble fractions of erythrocytes. Normal cells were incubated with 
14C-isoleucine (U), and cells from infected 
calves were incubated with 4,5-3H-isoleucine 
(n). At time intervals indicated, cells were 
removed from each incubation mixture, pooled, 
washed three times in physiological saline, 
fractionated and assayed for radioactivity.
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From this experiment it appeared that there was increased 
protein synthesis in the red cells from infected calves.
This experiment was conducted in order to substan­
tiate the increased levels of protein synthesis found 
earlier in cells from infected calves. The use of 2 
isotopes in detecting uptake of amino acids by erythro­
cytes from normal and infected calves presents an alterna­
tive assay to the procedure used by Mason and Ristic 
(19 66) . By using a single isotope in detecting incorpora­
tion rates, the concentration of the labeled amino acid 
added to each incubation mixture could be critical if an 
error of measurement were made. A sensitive assay was 
made using isoleucine labeled with and isoleucine
labeled with which incorporation levels were a 
fmotion of radioactivity.
III. Amino Acid Analysis
Deviations were noted in the.free amino acid pools 
of erythrocytes and plasma of a calf with chemically- 
induced anemia, and in erythrocytes from calves infected 
with A . marginale as compared to normal calves. Data on 
17 amino acids assayed appear in Tables 15 and 16.
Free arginine, proline and traces of 1/2 cystine 
were found only in the erythrocytes of infected animals. 
Eight of the 17 amino acids assayed were found to be at 
increased levels in cells from infected animals; however, 
isoleucine, methionine, serine, and threonine were at
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Table 15. Free amino acids of erythrocytes from normal 
calves, calves with a chemically-induced 
anemia and calves infected with Anaplasma 
marginale (<T60% parasitemia). (Values 










Lysine 4.3 + 0.2 16.3 + 0.8 8 .0 + 0.4 65.5 + 3.3
Histidine 4 .2 + 0.2 35.2 + 1.8 10.3 + 0.5 93.4 + 4.7
Arginine 67.2 + 3.4
Aspartic Acid Trace Trace 2.3 + 0.1 5.0 + 0.3
Threonine 5.0 + 0.3 9.3 + 0.5 5.4 + 0.3 6.0 + 0 . 3
Serine 6.1 + 0.3 25.0 + 1.3 6.1 + 0.3 10 .2 + 0  .5
Glutamic Acid 7.2 + 0.4 7.1 + 0.4 10.6 + 0.5 24.3 + 1.2
Proline 34.3 + 1.7 5.2 + 0.3 15.3 + 0.8
Glycine 9.1 + 0.5 82.5 + 4 . 1 14.7 + 0.7 60.1 + 3.0
Alanine 10.6 +0.4 20.2 + 1.0 13.6 +0.7 32 .2 + 1.6
1/2 Cystine Trace Trace
Valine 8.5 + 0.4 13.1 + 0.7 15.0 + 0.8 26.2 + 1.3
Methionine 9.0 + 0.5 12.6 +0.6 11.1 + 0.6 9.3 +0.5
Xsoleucine 3.0 + 0.2 9.4 + 0.5 3.2 + 0.2 4.1 + 0.2
Leucine 6.1 + 0.3 15 .3 + 0.8 11.0 +0.6 18.1 + 0.9
Tyrosine 2.3 + 0.1 5.2 + 0.3 2.5 +0.1 6.4 + 0 . 3
Phenylalanine 2.2 +0.1 5.2 + 0.3 6.2 + 0.3 10.2 + 0.5
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Table 16. Free amino acids of plasma from normal calves, 
calves with a chemically-induced anemia and 
calves with Anaplasma marginale « 6 0 %  
parasitemia)*^ {Values expressed as ji moles 










Lysine 4.2 + 0.2 2.1 + 0.1 53.4 + 2.7 29.4 + 1.5
Histidine 1.5 + 0.1 1.5 +0.1 22 .8 + 1.1 5.7 +0.3
Arginine 2 .4 + 0.02 1.5 + 0.1 5.7 +0.3 3.0 + 0.1
Aspartic Acid 1.0 + 0.02 0 .6 + 0 .02
Threonine 1.8 + 0.1 2.1 + 0.1 11.4 +0.6 16.2 +0.8
Serine 5 .7 +0.3 3.3 + 0.2 16.2 +0.8 18.6 +0.9
Glutamic Acid 1.5 + 0.1 2.1 + 0.1 4.8 + 0.2 6.6 + 0.3
Proline 3.9 + 0.2 3.6 +0.2 •
Glycine 12 .9 + 0.6 9 .0 + 0.4 16.5 +0.8 18.9 + 0.9
Alanine 4.8 + 0.2 7.2 +0.4 34.2 + 1.7 35.4 +1.8
Valine 7.5 + 0.4 7.2 + 0.4 43.5 +2.2 54 .0 +2.7
Methionine 3.0 + 0.1 3.3 + 0.2 2.4 +0.1 7.2 + 0.4
Isoleucine 2.1 + 0.1 2.7 +0.1 13.2 + 0.7 16.8 + 0 .8
Leucine 3.0 + 0.1 4.2 + 0.2 29.7 + 1.5 38.7 + 2.0
Tyrosine 1.5 + 0.1 1.5 + 0 .1 16.5 + 0.8 21.6 + 1.1
Phenylalanine 1.8 + 0.1 1.5 + 0 .1 18.9 + 0 .9 22.2 +1.1
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approximately the same levels in erythrocytes from both 
normal and infected calves.
Values reported in this study were not in complete 
agreement with those found by Love and Wiygul (1966) .
The trend in their investigation was that of an increase 
in almost all the amino acids assayed in the erythrocytes 
from infected calves. However, methods of amino acid 
analysis, and separation and precipitation of protein 
differed in the 2 studies. These investigators also 
used calves with a 30-35 percent parasitemia. In the 
present study, calves with a 60-70 percent parasitemia 
were used.
The high levels of many of the amino acids in the 
plasma of infected calves as reported by Love and Wiygul 
were not as high as the levels found in this study. In 
the present study a dramatic increase in all of the amino 
acids detected occurred in the plasma of infected calves.
It is apparent that during anaplasmosis the metabo­
lism of the host is altered so that high concentrations 
of free amino acids are released into the plasma. This 
increased concentration of free amino acids in plasma 
of infected calves could be attributed to degradation of 
protein of the host during infection. There could also 
be an inhibition of protein synthesis by the host due to 
infection so that there is an accumulation of amino acids 
in the plasma.
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The concentration of most of the free amino acids 
in the plasma from the calf with anemia .induced by 
phenylhydrazine did not differ greatly from amino acid 
concentrations in normal plasma (Table 16). This fact 
suggests that the increased levels of amino acids in the 
plasma from infected calves is not due to hydrolysis of 
erythrocytic protein and leakage of the amino acid pool 
into the plasma. Phenylhydrazine hydrochloride lyses 
erythrocytes in vivo by altering the erythrocytic membrane, 
therefore the number of red cells in the calf with a 
phenylhydrazine-induced anemia is severely reduced 
(Table 1), and high levels of amino acids were not 
detected in the plasma of this calf (Table 16).
With few exceptions, the free amino acid levels of 
erythrocytes from a calf with phenylhydrazine-induced 
anemia were at higher levels than those of normal erythro­
cytes. The accumulation of amino acids by these erythro­
cytes could be due to the change in the erythrocytic 
membrane brought about by the action of phenylhydrazine. 
Dommert and Dimopoullos (1966) found a change in surface 
charge of erythrocytes and determined that sialic acids 
were responsible for most of the charge. In their study, 
phenylhydrazine-induced anemia in 1 calf resulted in a 
decrease in sialic acid content of stromata and minor 
changes in the electrophoretic mobilities of the erythro­
cytes. The change in the surface charge of erythrocytes
by phenylhydrazine may allow more rapid entry and 
accumulation of amino acids.
SUMMARY AND CONCLUSIONS
Investigations were conducted in order to charac­
terize differences in amino acid metabolism in erythrocytes 
from normal calves and calves infected with A. marginale. 
The cells'from infected animals were found to have an 
increased level of uptake of ^C-labeled amino acids. 
Increased levels of incorporation of ^C-amino acids into 
the TCA-insoluble fraction of erythrocytes of infected 
calves was found in the case of methionine, glycine, 
isoleucine, phenylalanine, glutamic acid, alanine, and 
arginine, indicating that these amino acids were being 
incorporated into protein.
An experiment was conducted to study the effects of 
tetracycline on the incorporation of 14c_ainj.no acids by 
erythrocytic suspensions. The results of this experiment 
again indicated there was an increased level of protein 
synthesis in red cells from infected animal.
It was not known whether this increased rate of 
protein synthesis was occurring in the erythrocytes 
per se, or the marginal body. Incubation of l^C-amino 
acids with partially-purified preparations of A. marginale 
revealed high levels of activity in both the TCA-soluble 
and insoluble fractions of the preparation when compared 
to the controls. Therefore, it appeared that protein
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synthesis was being carried out by A. marginale. However, 
it is unusual to find that RNA peculiar to A. marginale 
has never been isolated (Ellender and Dimopoullos, 1967; 
Senitzer et al., 1972} . Only histochemically-stained 
blood smears have been reported to reveal RNA, but it 
cannot be distinguished from RNA of the host (Moulton and 
Christensen, 1955). If increased protein synthesis 
occurs in the red cell from an infected calf, it would 
seem likely that there would also be an increase in RNA.
Deviations occurred in the free amino acid pools 
of plasma and erythrocytes from infected calves and calves 
with anemia induced by phenylhydrazine when compared to 
normal calves. There was an increase in concentration 
of 14 amino acids in the plasma of infected animals. 
Differences were also noted in individual amino acid 
concentrations found in erythrocytes from infected 
animals.
During an infection with A. marginale there is a 
change in the free amino acid pools in erythrocytes and 
plasma. High levels of amino acids found in the plasma 
from infected calves were thought to be caused by altered 
protein metabolism rather than by lysis of erythrocytes 
and leakage of free amino acids into the plasma. This 
fact is suggested by the normal levels of amino acids 
appearing in the plasma of calves made anemic with 
phenylhydrazine.
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Free amino acids were at increased levels in erythro­
cytes from a calf with anemia induced with phenylhydrazine 
as compared to normal. The accumulation of amino acids 
by these erythrocytes could be due to the change in the 
erythrocytic membrane brought about by the action of 
phenylhydrazine. The change in surface charge of the 
membrane by phenylhydrazine may allow more rapid entry 
and accumulation of amino acids.
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